INTRODUCTION
A great variety of insects are incriminated as carriers of several pathogens [1] . Arthropods are often recognized as harbouring a wide spectrum of microorganisms. Cockroaches are known to carry a diverse pathogenic bacterial flora, although their role in the direct transmission of infection is seldom established [2] [3] [4] [5] [6] [7] [8] .
Cockroaches have been identified in the past as carriers of salmonella [9] [10] [11] [12] [13] . The free wandering movements of cockroaches from one location to another and their possible contribution to disease transmission prompted this study, the purpose of which was to determine the extent of salmonella carriage by cockroaches captured at various ecological niches, to assess the serotype, phage type and antibiotic sensitivity patterns of the isolates and to determine their role in the epidemiology of salmonellosis in South Kanara District. South India.
MATERIALS AXD METHODS

Collection of specimens
During the period of this survey from January 1981 to December 1983. a total of 221 adult cockroaches was collected in different houses, animal sheds, restaurants, grocery stores and hospitals in various parts of South Kanara District. The cockroaches were trapped in the kitchen, bathroom, storage areas of houses, the corridors, patient rooms and cafeterias of hospitals and the kitchen. storage areas, sewers and garbage cans of restaurants. These cockroaches were identified as belonging to Blatta and Periplaneta species.
Processing of specimens
After transport to the laboratory, the cockroaches were killed with diethyl ether and their digestive tracts were dissected using autoclave-sterilized instruments. The guts were processed with and without enrichment, on MacConkeys agar. brilliant green agar and eosin methylene blue agar. Selenite broth and tetrathionate broth [14] were used as enrichment media and were incubated at 37 °C for 24-30 h. The culture plates were incubated at 37 °C for 24-72 h.
Identification of salmonella
Xon-lactose-fermenting colonies were identified by subjecting them to a battery of biochemical tests [15] . The biochemical identification was confirmed by slide agglutination and coagglutination [16] with salmonella 0 and H antisera, A to E. The final reconfirmation and phage typing [17] was performed at the National Salmonella Center, Adelaide, Australia.
Antibiotic sensitivity test
Kirby-Bauer's agar disk diffusion technique [18] was used to test the susceptibility of salmonella strains to 11 antibacterial drugs: ampicillin (A, 10 jug/-ml), chloramphenicol (C, 30,ag/ml), furadantin (Fu, 300/(g/inl), gentamicin (G, 10 /ig/m\), kanamycin K, 30 jug/m\), streptomycin (S. 10/^g/ml), sulphadiazine (Su, 300 fig /ml), tetracycline (T, 30/^g/ml), co-trimoxazole (Tm. 25/ig/ml). nalidixic acid (Nx, 30/<g/ml), and polymixin B (Pb, 300 units/ml).
RESULTS
Of 221 cockroaches screened, 4-1 % were found to harbour salmonellas in their gut. Three of nine salmonella strains recovered were S. bovismorbificans belonging to phage types 11, 13 and 23, all of which were resistant strains. Two S. typhimurium strains, both resistant, belonged to UDXC phage type. Two strains of S. oslo, and one each of S. mbandaka and S. braenderup were also recovered ( Table 1) . bovismorbificans (1) oslo (1) bovismorbificans (1) rnbandaka (1) braenderup (1) oslo (1) bovismorbificans ( [8] . Bacteria were also introduced into the gut of cockroaches experimentally through their diet [9, 13, 19, 20] . Although many animals and insects carry salmonellas in their gut, cockroaches become particularly significant because of their nocturnal wandering, feeding and defaecation habits.
The isolation of appreciable numbers of salmonellas (4-1%) from cockroaches captured in human dwelling areas and livestock premises indicates that these domestic insects can pose a problem. Except for S. braenderup. all other serotypes, R-types and various phage types of S. typhimurium and S. bovismorbificans have been isolated from human, animal and environmental sources in this south-west coastal region of South India between 1981 and 1983 [21] , forming circumstantial evidence for the contribution of cockroaches to the occurrence and persistence of salmonella infections in this area. That S. braenderup was recovered for the first time in India during this study [22] , indicates that cockroaches may introduce rare serotypes into the community.
Isolation of drug-resistant salmonellas from cockroaches of the region encompassed in this study was not surprising, because similar observations were made previously among salmonella strains recovered from frogs [23] . As revealed by a 3-year epidemiological study, there was a constant circulation of drugresistant salmonellas in the community, both amongst humans and animals and in the environment [21] . This is most likely due to the uncontrolled availability of antibiotics in the pharmacy and the indiscriminate use of antibiotics in human and animal populations. The ubiquitous existence of cockroaches in nature, in close association with man and animals, and their ability to carry pathogenic drug-360 S. J. N. DEVI AND C. J. MURRAY resistant salmonellas are suggestive of their involvement in the transmission of infections, especially in hospitals. Drug-resistant salmonellas may be spread in the hospital environment through contaminated foods, pharmaceutical, medical devices, hospital equipment and aerosols.
Cockroaches probably acquire salmonellas naturally from the animal-and human-polluted environment. As they feed indiscriminately on both the food and faecal matters of human and animal origin, they may acquire salmonellas in sewers, toilets and latrines and carry the pathogens to food storage and food handling areas such as kitchens, cafeterias, canteens or restaurants. They may also carry salmonellas on their exterior body parts including bristly legs and may act as potential mechanical vectors in the dissemination of infections. S. typhi was isolated from the legs and faeces of cockroaches captured in the homes of people who suffered from typhoid fever [24] . Hospital outbreaks of salmonellosis due to S. typhimurium [25] and S. bovismorbificans [26] were traced to cockroaches. Salmonellas can remain viable in the faeces of cockroaches for varied lengths of time. By experimental infection, S. oranienberg was shown to remain viable in the faeces of Periplaneta americana for as long as 85 days to 6 months under humid conditions [27] . This suggests that contamination of food and water sources with cockroach faeces may lead to epidemics.
The presence of salmonellas in cockroaches becomes important in many respects. Cockroaches form the natural prey for a variety of animals and birds; they have been found in the stomach contents of several amphibians, reptiles, rodents, domestic and wild birds and animals [2] . While cockroaches form a part of human food in certain countries and cultures, they are also used for medicinal purposes by others [2] .
Frogs and many reptiles have been identified as natural reservoirs of salmonella in the south-west coastal region of India [21, 23] . This study provides information on yet another reservoir of salmonella in nature and the possible mode of transmission of salmonella infections in the community. The transmission of salmonellas from these natural reservoirs to humans and animals or vice versa was substantiated by the finding of identical serotypes, phage types and R-types in the human, animal and environmental sources of this locality [21, 23] .
Thus, cockroaches appear to play a significant role in the epidemiology of salmonellosis in this geographical area. Salmonella carriage in cockroaches, which infest human and animal habitats, increases the risk of potential salmonella contamination, particularly in hospitals, houses and restaurants. By forming the natural prey for a wide spectrum of domestic and wild animals and birds, cockroaches help distribute salmonellas among different host species. Greater attention has to be paid to these insects particularly in areas of poor sanitation.
